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(57) ABSTRACT 

A method for manufacturing a working template for use in 
imprint lithography is disclosed, which in an embodiment, 
involves contacting a first target region of an imprintable 
medium on a working template Substrate with a master tem 
plate to form a first imprint in the medium, the imprint defin 
ing a part of a working template pattern, separating the master 
template from the imprinted medium, contacting a second 
target region of the medium with the master template to form 
a second imprint in the medium, the second imprint defining 
a further part of the working template pattern, and separating 
the master template from the imprinted medium. 
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IMPRINT LITHOGRAPHY 

FIELD 

0001. The invention relates to imprint lithography. 

BACKGROUND 

0002 Alithographic apparatus is a machine that applies a 
desired pattern onto a target portion of a Substrate. Litho 
graphic apparatus are conventionally used, for example, in 
the manufacture of integrated circuits (ICs), flat panel dis 
plays and other devices involving fine structures. 
0003. It is desirable to reduce the size of features in a 
lithographic pattern because this allows for a greater density 
of features on a given Substrate area. In photolithography, the 
increased resolution may be achieved by using radiation of a 
short wavelength. However, there are problems associated 
with Such reductions. Lithographic apparatus using 193 mm 
wavelength radiation are starting to be adopted but even at this 
level, diffraction limitations may become a barrier. At lower 
wavelengths, the transparency of projection system materials 
is poor. Thus, optical lithography capable of enhanced reso 
lution will likely require complex optics and rare materials 
and thus will be expensive. 
0004 An alternative method to printing sub-100 nm fea 

tures, known as imprint lithography, comprises transferring a 
pattern to a Substrate by imprinting a pattern into an imprint 
able medium using a physical mould or template. The 
imprintable medium may be the Substrate or a material coated 
onto a surface of the substrate. The imprintable medium may 
be functional or may be used as a “mask' to transfer a pattern 
to an underlying Surface. The imprintable medium may, for 
instance, be provided as a resist deposited on a Substrate. Such 
as a semiconductor material, to which the pattern defined by 
the template is to be transferred. Imprint lithography is thus 
essentially a moulding process on a micrometer or nanometer 
scale in which the topography of a template defines the pat 
terns created on a substrate. Patterns may be layered as with 
optical lithography processes so that in principle imprint 
lithography could be used for Such applications as integrated 
circuit manufacture. 
0005. The resolution of imprint lithography is limited only 
by the resolution of the template fabrication process. For 
instance, imprint lithography has been used to produce fea 
tures in the Sub-50 nm range with good resolution and line 
edge roughness. In addition, imprint processes may not 
require the expensive optics, advanced illumination sources 
or specialized resist materials typically required for optical 
lithography processes. 

SUMMARY 

0006. According to an aspect of the invention, there is 
provided a method for manufacturing a working template for 
use in imprint lithography, comprising: 
0007 contacting a first target region of an imprintable 
medium on a working template Substrate with a master tem 
plate to form a first imprint in the medium, the imprint defin 
ing a part of a working template pattern; 
0008 separating the master template from the imprinted 
medium; 
0009 contacting a second target region of the medium 
with the master template to form a second imprint in the 
medium, the second imprint defining a further part of the 
working template pattern; and 
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0010 separating the master template from the imprinted 
medium. 
0011. According to an aspect of the invention, there is 
provided a method for manufacturing a working template for 
use in imprint lithography, comprising: 
0012 contacting a first target region of an imprintable 
medium on a working template Substrate with a master tem 
plate to form a first imprint in the medium, the first imprint 
comprising a first pattern feature and a first area of reduced 
thickness and defining a part of a working template pattern; 
0013 separating the master template from the imprinted 
medium; 
0014 contacting a second target region of the medium 
with the master template to form a second imprint in the 
medium, the second imprint comprising a second pattern 
feature and a second area of reduced thickness and defining a 
further part of the working template pattern; 
0015 separating the master template from the imprinted 
medium; 
0016 etching the first and second areas of reduced thick 
ness to expose regions of the working template Substrate; and 
0017 etching the exposed regions of the working template 
Substrate to form the working template pattern in the working 
template Substrate to define a working template. 
0018 Thus, in an embodiment, a smaller master template 
may be repeatedly imprinted in to an imprintable medium 
which is then processed to form a larger modular pattern in 
a working template Substrate. In this way, the expense con 
nected with the manufacture of the initial master template 
employing e-beam etching may be reduced. Additionally, 
since the master template may be imprinted into the imprint 
able medium any desirable number of times, relatively large 
working template may be cheaply and easily produced. 
0019. According to an aspect of the invention, there is 
provided a method for manufacturing a photo transparent 
working template for use in imprint lithography, comprising: 
0020 contacting a target region of an imprintable medium 
on a photo transparent working template Substrate with a 
master template to form an imprint defining a working tem 
plate pattern in the medium; and 
0021 separating the master template from the imprinted 
medium to provide a photo transparent working template. 
0022. According to an aspect of the invention, there is 
provided a method for manufacturing a photo transparent 
working template for use in imprint lithography, comprising: 
0023 contacting a target region of an imprintable medium 
on a photo transparent working template Substrate with a 
master template to form an imprint defining a working tem 
plate pattern in the medium, the imprint comprising a pattern 
feature and an area of reduced thickness; 
0024 separating the master template from the imprinted 
medium; 
0025 etching the area of reduced thickness to expose a 
region of the photo transparent working template Substrate; 
and 
0026 etching the exposed region of the photo transparent 
working template Substrate to form the working template 
pattern in the photo transparent working template Substrate to 
define a photo transparent working template. 
0027. According to an aspect of the invention, there is 
provided an imprinting method, comprising: 
0028 contacting a first target region of a first imprintable 
medium on a working template Substrate with a master tem 
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plate to form an imprint in the first medium, the imprint 
defining a part of a working template pattern; 
0029 separating the master template from the imprinted 

first medium; 
0030 contacting a second target region of the first medium 
with the master template to form a second imprint in the first 
medium, the second imprint defining a further part of the 
working template pattern; 
0031 separating the master template from the imprinted 

first medium to provide a working template: 
0032 contacting a second imprintable medium on a 
device substrate with the working template to form an imprint 
in the second medium corresponding to the working template 
pattern; and 
0033 separating the working template from the imprinted 
second medium. 
0034. According to an aspect of the invention, there is 
provided an imprinting method, comprising: 
0035 contacting a first target region of a first imprintable 
medium on a working template Substrate with a master tem 
plate to form a first imprint in the first medium, the first 
imprint comprising a first pattern feature and a first area of 
reduced thickness and defining a part of a working template 
pattern; 
0036 separating the master template from the imprinted 

first medium; 
0037 contacting a second target region of the first medium 
with the master template to form a second imprint in the first 
medium, the second imprint comprising a second pattern 
feature and a second area of reduced thickness and defining a 
further part of the working template pattern; 
0038 separating the master template from the imprinted 

first medium; 
0039) etching the first and second areas of reduced thick 
ness to expose regions of the working template Substrate; 
0040 etching the exposed regions of the working template 
Substrate to form the working template pattern in the working 
template Substrate to define a working template; 
0041 contacting a second imprintable medium on a 
device substrate with the working template to form an imprint 
in the second medium corresponding to the working template 
pattern; and 
0042 separating the working template from the imprinted 
second medium. 
0043. According to an aspect of the invention, there is 
provided a method for patterning a device Substrate, compris 
ing: 
0044 contacting a first target region of a first imprintable 
medium on a working template Substrate with a master tem 
plate to form a first imprint in the first medium, the first 
imprint defining a part of a working template pattern; 
0045 separating the master template from the imprinted 

first medium; 
0046 contacting a second target region of the first medium 
with the master template to form a second imprint in the first 
medium, the second imprint defining a further part of the 
working template pattern; 
0047 separating the master template from the imprinted 

first medium to provide a working template: 
0048 contacting a second imprintable medium on a 
device substrate with the working template to form an imprint 
in the second medium corresponding to the working template 
pattern, the imprint in the second medium comprising a pat 
tern feature and an area of reduced thickness; 
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0049 separating the working template from the imprinted 
second medium; 
0050 etching the area of reduced thickness of the imprint 
in the second medium to expose a region of the device Sub 
strate; and 
0051 etching the exposed region of the device substrate to 
form the working template pattern in the device Substrate. 
0.052 According to an aspect of the invention, there is 
provided a method for patterning a device Substrate, compris 
ing: 
0053 contacting a first target region of a first imprintable 
medium on a working template Substrate with a master tem 
plate to form a first imprint in the first medium, the first 
imprint comprising a first pattern feature and a first area of 
reduced thickness and defining a part of a working template 
pattern; 
0054 separating the master template from the imprinted 

first medium; 
0055 contacting a second target region of the first medium 
with the master template to form a second imprint in the first 
medium, the second imprint comprising a second pattern 
feature and a second area of reduced thickness and defining a 
further part of the working template pattern; 
0056 separating the master template from the imprinted 

first medium; 
0057 etching the first and second areas of reduced thick 
ness to expose regions of the working template Substrate; 
0.058 etching the exposed regions of the working template 
Substrate to form the working template pattern in the working 
template Substrate to define a working template; 
0059 contacting a second imprintable medium on a 
device substrate with the working template to form an imprint 
in the second medium corresponding to the working template 
pattern, the imprint in the second medium comprising a pat 
tern feature and an area of reduced thickness; 
0060 separating the working template from the imprinted 
second medium; 
0061 etching the area of reduced thickness of the imprint 
in the second medium to expose a region of the device Sub 
strate; and 
0062) etching the exposed region of the device substrate to 
form the working template pattern in the device Substrate. 
0063. According to an aspect of the invention, there is 
provided a working template manufacturing apparatus, com 
prising: 
0064 a substrate holder configured to hold a substrate 
having a imprintable medium thereon; 
0065 a template holder configured to cause a master tem 
plate supported by the template holder to contact the imprint 
able medium to form a first imprint in the medium, the first 
imprint defining a part of a working template pattern, to cause 
the master template to contact the imprintable medium to 
form a second imprint in the medium, the second imprint 
defining a further part of the working template pattern, and to 
cause the master template to separate from the imprinted 
medium; and 
0.066 an etching apparatus. 
0067. According to an aspect of the invention, there is 
provided a working template manufacturing apparatus, com 
prising: 
0068 a substrate holder configured to hold a substrate 
having a imprintable medium thereon; 
0069 a template holder configured to cause a master tem 
plate supported by the template holder to contact the imprint 
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able medium to form a first imprint in the medium, the first 
imprint comprising a first pattern feature and a first area of 
reduced thickness and defining a part of a working template 
pattern, to cause the master template to contact the imprint 
able medium to form a second imprint in the medium, the 
second imprint comprising a second pattern feature and a 
second area of reduced thickness and defining a further part of 
the working template pattern, and to cause the master tem 
plate to separate from the imprinted medium; and 
0070 an etching apparatus configured to etch the first and 
second areas of reduced thickness to expose regions of the 
working template Substrate and to etch the exposed regions of 
the working template substrate to form the final pattern in the 
working template Substrate to define a working template. 
0071. In respect of the aforementioned aspects of the 
invention, in an embodiment, the target regions are laterally 
spaced from one another. In an embodiment, the target 
regions are provided separately on the working template Sub 
Strate. 
0072. In an embodiment, the working template substrate is 
photo transparent. In an embodiment, the working template 
Substrate comprises silicon and/or quartz. 
0073 Conveniently, the exposed regions of the working 
template Substrate may be etched using an etchant selected 
from a group consisting of CHF, CFO, Cl, HBrand SF. 
0074. In an embodiment, the imprintable medium is 
selected from a group consisting of a photo (e.g. UV) curable 
material, a thermally curable material and a thermoplastic 
polymer material. In an embodiment, the imprintable 
medium is in a flowable state when contacted by the master or 
working template and is solidified prior to separation from the 
master or working template. Depending upon which material 
is chosen as the imprintable medium, the method forming one 
of the above aspects of the invention may additionally com 
prise solidifying the imprintable medium by the provision of 
photo radiation, heat (e.g. to cross linka thermally crosslink 
able polymer, such as athermosetting resin) or cooling (e.g. to 
below the glass transition temperature of a thermoplastic 
polymer). 
0075. In an embodiment, an intermediate layer (which 
may comprise a material selected from a group consisting of 
chromium, an oxide and a nitride) is provided between the 
working template Substrate and the imprintable medium. In 
an embodiment, etching an area of reduced thickness defined 
in the imprintable medium exposes a region of the interme 
diate layer and the method may further comprise etching the 
exposed region of the intermediate layer to expose a region of 
the working template Substrate. In this case, the method may 
further comprise etching (for example, by using an etchant 
selected from a group consisting of hydrofluoric acid, O and 
Cl2) the exposed region of the working template Substrate to 
form the working template pattern in the working template 
Substrate to define the working template. 
0076. In an embodiment, the working template pattern 
covers substantially all of a surface of the working template 
substrate. The area of imprint formed in the imprintable 
medium by contact of the master template may represent up to 
50% of the area of the working template pattern. In an 
embodiment, the area of the imprint may represent up to 25% 
or up to 10% of the area of the working template pattern. 
0077. In an embodiment, the master template has been 
produced using a method employing e-beam etching. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0078 Embodiments of the invention will now be 
described, by way of example only, with reference to the 
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accompanying schematic drawings in which corresponding 
reference symbols indicate corresponding parts, and in 
which: 
(0079 FIG. 1a-1c illustrate examples of soft, hot and UV 
lithography process respectively; 
0080 FIG. 2 illustrates a two step etching process 
employed when hot and UV imprint lithography is used to 
pattern a resist layer, 
I0081 FIG. 3 illustrates relative dimensions of template 
features compared to the thickness of a typical imprintable 
resist layer deposited on a Substrate; 
I0082 FIG. 4 illustrates manufacture of a working template 
in accordance with an embodiment of the invention; and 
I0083 FIG. 5 is a schematic representation of an imprint 
System incorporating a gas bearing. 

DETAILED DESCRIPTION 

I0084. There are two principal approaches to imprint 
lithography which will be termed generally as hot imprint 
lithography and UV imprint lithography. There is also a third 
type of “printing lithography known as Soft lithography. 
Examples of these are illustrated in FIGS. 1a to 1c. 
I0085 FIG. 1a schematically depicts the soft lithography 
process which involves transferring a layer of molecules 11 
(typically an ink such as a thiol) from a flexible template 10 
(typically fabricated from polydimethylsiloxane (PDMS)) 
onto a resist layer 13 which is supported upon a substrate 12 
and planarization and transfer layer 12'. The template 10 has 
a pattern of features on its surface, the molecular layer being 
disposed upon the features. When the template is pressed 
against the resist layer, the layer of molecules 11 stick to the 
resist. Upon removal of the template from the resist, the layer 
of molecules 11 stick to the resist, the residual layer of resist 
is etched such that the areas of the resist not covered by the 
transferred molecular layer are etched down to the substrate. 
I0086. The template used in soft lithography may be easily 
deformed and may therefore not be suited to high resolution 
applications, e.g. on a nanometer scale, since the deformation 
of the template may adversely affect the imprinted pattern. 
Furthermore, when fabricating multiple layer structures, in 
which the same region will be overlaid multiple times, soft 
imprint lithography may not provide overlay accuracy on a 
nanometer scale. 
I0087 Hot imprint lithography (or hot embossing) is also 
known as nanoimprint lithography (NIL) when used on a 
nanometer scale. The process uses a harder template made 
from, for example, silicon or nickel, which are more resistant 
to wear and deformation. This is described for instance in 
U.S. Pat. No. 6,482,742 and illustrated in FIG. 1b. In a typical 
hot imprint process, a solid template 14 is imprinted into a 
thermosetting or a thermoplastic polymer resin 15, which has 
been cast on the surface of substrate. The resin may, for 
instance, be spin coated and baked onto the Substrate Surface 
or more typically (as in the example illustrated) onto a pla 
narization and transfer layer 12'. It should be understood that 
the term “hard' when describing an imprint template includes 
materials which may generally be considered between “hard 
and “soft' materials, such as for example “hard rubber. The 
Suitability of a particular material for use as an imprint tem 
plate is determined by its application requirements. 
I0088. When a thermosetting polymer resin is used, the 
resin is heated to a temperature Such that, upon contact with 
the template, the resin is sufficiently flowable to flow into the 
pattern features defined on the template. The temperature of 
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the resin is then increased to thermally cure (e.g. crosslink) 
the resin so that it solidifies and irreversibly adopts the desired 
pattern. The template may then be removed and the patterned 
resin cooled. 
0089. Examples of thermoplastic polymer resins used in 
hot imprint lithography processes are poly(methyl methacry 
late), polystyrene, poly (benzyl methacrylate) or poly (cyclo 
hexyl methacrylate). The thermoplastic resin is heated so that 
it is in a freely flowable state immediately prior to imprinting 
with the template. It is typically necessary to heat thermo 
plastic resin to a temperature considerably above the glass 
transition temperature of the resin. The template is pressed 
into the flowable resin and sufficient pressure is applied to 
ensure the resin flows into all the pattern features defined on 
the template. The resin is then cooled to below its glass 
transition temperature with the template in place whereupon 
the resin irreversibly adopts the desired pattern. The pattern 
will consist of the features in relief from a residual layer of the 
resin which may then be removed by an appropriate etch 
process to leave only the pattern features. 
0090. Upon removal of the template from the solidified 
resin, a two-step etching process is typically performed as 
illustrated in FIGS. 2a to 2c. The substrate 20 has a planariza 
tion and transfer layer 21 immediately upon it, as shown in 
FIG.2a. The purpose of the planarization and transfer layer is 
twofold. It acts to provide a surface substantially parallel to 
that of the template, which helps ensure that the contact 
between the template and the resin is parallel, and also to 
improve the aspect ratio of the printed features, as will be 
described below. 
0091 After the template has been removed, a residual 
layer 22 of the solidified resin is left on the planarization and 
transfer layer 21, shaped in the desired pattern. The first etch 
is isotropic and removes parts of the residual layer 22, result 
ing in a poor aspect ratio of features where L1 is the height of 
the features 23, as shown in FIG. 2b. The second etch is 
anisotropic (or selective) and improves the aspect ratio. The 
anisotropic etch removes those parts of the planarization and 
transfer layer 21 which are not covered by the solidified resin, 
increasing the aspect ratio of the features 23 to (L2/D), as 
shown in FIG.2c. The resulting polymer thickness contrast 
left on the Substrate after etching can be used as for instance 
a mask for dry etching if the imprinted polymer is sufficiently 
resistant, for instance as a step in a lift-off process. 
0092 Hot imprint lithography suffers from a disadvantage 
in that not only must the pattern transfer be performed at a 
higher temperature, but also relatively large temperature dif 
ferentials might be required in order to ensure the resin is 
adequately solidified before the template is removed. Tem 
perature differentials between 35 and 100° C. may be needed. 
Differential thermal expansion between, for instance, the 
Substrate and template may then lead to distortion in the 
transferred pattern. This may be exacerbated by the relatively 
high pressure required for the imprinting step, due the Viscous 
nature of the imprintable material, which can induce 
mechanical deformation in the Substrate, again distorting the 
pattern. 
0093 UV imprint lithography, on the other hand, does not 
involve such high temperatures and temperature changes nor 
does it require Such viscous imprintable materials. Rather, 
UV imprint lithography involves the use of a partially or 
wholly transparent template and a UV-curable liquid, typi 
cally a monomer Such as an acrylate or methacrylate. In 
general, any photopolymerisable material could be used. Such 
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as a mixture of monomers and an initiator. The curable liquid 
may also, for instance, include a dimethyl siloxane derivative. 
Such materials are less viscous than the thermosetting and 
thermoplastic resins used in hot imprint lithography and con 
sequently move much faster to fill template pattern features. 
Low temperature and low pressure operation also favors 
higher throughput capabilities. 
0094. An example of a UV imprint process is illustrated in 
FIG.1c. A quartz, template 16 is applied to a UV curable resin 
17 in a similar manner to the process of FIG. 1b. Instead of 
raising the temperature as in hot embossing employing ther 
mosetting resins, or temperature cycling when using thermo 
plastic resins, UV radiation is applied to the resin through the 
quartz template in order to polymerise and thus cure it. Upon 
removal of the template, the remaining steps of etching the 
residual layer of resist are the same or similar as for the hot 
embossing process described above. The UV curable resins 
typically used have a much lower viscosity than typical ther 
moplastic resins so that lower imprint pressures can be used. 
Reduced physical deformation due to the lower pressures, 
together with reduced deformation due to high temperatures 
and temperature changes, makes UV imprint lithography 
Suited to applications requiring high overlay accuracy. In 
addition, the transparent nature of UV imprint templates can 
accommodate optical alignment techniques simultaneously 
to the imprinting. 
0.095 Although this type of imprint lithography mainly 
uses UV curable materials, and is thus generically referred to 
as UV imprint lithography, other wavelengths of radiation 
may be used to cure appropriately selected materials (e.g., 
activate a polymerization or cross linking reaction). In gen 
eral, any radiation capable of initiating Such a chemical reac 
tion may be used if an appropriate imprintable material is 
available. Alternative “activating radiation' may, for 
instance, include visible light, infrared radiation, X-ray radia 
tion and electron beam radiation. In the general description 
above, and below, references to UV imprint lithography and 
use of UV radiation are not intended to exclude these and 
other activating radiation possibilities. 
0096. As an alternative to imprint systems using a planar 
template which is maintained substantially parallel to the 
substrate surface, roller imprint systems have been devel 
oped. Both hot and UV roller imprint systems have been 
proposed in which the template is formed on a roller but 
otherwise the imprint process is very similar to imprinting 
using a planar template. Unless the context requires other 
wise, references to an imprint template include references to 
a roller template. 
(0097. There is a particular development of UV imprint 
technology known as step and flash imprint lithography 
(SFIL) which may be used to pattern a substrate in small steps 
in a similar manner to optical steppers conventionally used, 
for example, in IC manufacture. This involves printing Small 
areas of the Substrate at a time by imprinting a template into 
a UV curable resin, flashing UV radiation through the tem 
plate to cure the resin beneath the template, removing the 
template, stepping to an adjacent region of the Substrate and 
repeating the operation. The Small field size of such step and 
repeat processes may help reduce pattern distortions and CD 
variations so that SFIL may be particularly suited to manu 
facture of IC and other devices requiring high overlay accu 
racy. 
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0098. Although in principle the UV curable resin can be 
applied to the entire Substrate Surface, for instance by spin 
coating, this may be problematic due to the Volatile nature of 
UV curable resins. 
0099. One approach to addressing this problem is the so 
called drop on demand process in which the resin is dis 
pensed onto a target portion of the Substrate in droplets imme 
diately prior to imprinting with the template. The liquid 
dispensing is controlled so that a predetermined Volume of 
liquid is deposited on a particular target portion of the Sub 
strate. The liquid may be dispensed in a variety of patterns and 
the combination of carefully controlling liquid Volume and 
placement of the pattern can be employed to confine pattern 
ing to the target area. 
0100 Dispensing the resin on demand as mentioned is not 
a trivial matter. The size and spacing of the droplets are 
carefully controlled to ensure there is sufficient resin to fill 
template features while at the same time minimizing excess 
resin which can be rolled to an undesirably thick or uneven 
residual layer since as soon as neighboring drops touch the 
resin will have nowhere to flow. 
0101 Although reference is made above to depositing UV 
curable liquids onto a substrate, the liquids could also be 
deposited on the template and in general the same techniques 
and considerations will apply. 
0102 FIG.3 illustrates the relative dimensions of the tem 
plate, imprintable material (curable monomer, thermosetting 
resin, thermoplastic, etc.), and Substrate. The ratio of the 
width of the substrate, D, to the thickness of the curable resin 
layer, t, is of the order of 10°. It will be appreciated that, in 
order to avoid the features projecting from the template dam 
aging the Substrate, the dimensiont should be greater than the 
depth of the projecting features on the template. 
0103) The residual layer of imprintable material left after 
stamping is useful in protecting the underlying Substrate, but 
may also impact obtaining high resolution and/or overlay 
accuracy. The first breakthrough etch is isotropic (non-se 
lective) and will thus to some extent erode the features 
imprinted as well as the residual layer. This may be exacer 
bated if the residual layer is overly thick and/or uneven. 
0104. This etching may, for instance, lead to a variation in 
the thickness of features ultimately formed on the underlying 
substrate (i.e. variation in the critical dimension). The unifor 
mity of the thickness of a feature that is etched in the transfer 
layer in the second anisotropic etch is dependant upon the 
aspect ratio and integrity of the shape of the feature left in the 
resin. If the residual resin layer is uneven, then the non 
selective first etch may leave some of these features with 
“rounded' tops so that they are not sufficiently well defined to 
ensure good uniformity of feature thickness in the second and 
any Subsequent etch process. 
0105. In principle, the above problem may be reduced by 
ensuring the residual layer is as thin as possible but this may 
require application of undesirably large pressures (possibly 
increasing Substrate deformation) and relatively long 
imprinting times (perhaps reducing throughput). 
0106. As noted above, the resolution of the features on the 
template surface is a limiting factor on the attainable resolu 
tion of features printed on the substrate. The templates used 
for hot and UV imprint lithography are generally formed in a 
two-stage process. Initially, the required pattern is written 
using, for example, electron beam writing to give a high 
resolution pattern in resist. The resist pattern is then trans 
ferred into a thin layer of chrome which forms the mask for 
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the final, anisotropic etch step to transfer the pattern into the 
base material of the template. Other techniques such as for 
example ion-beam lithography, X-ray lithography, extreme 
UV lithography, epitaxial growth, thin film deposition, 
chemical etching, plasma etching, ion etching or ion milling 
could be used. Generally, a technique capable of very high 
resolution will be desired as the template is effectively a 1 x 
mask with the resolution of the transferred pattern being 
limited by the resolution of the pattern on the template. 
0107 The release characteristics of the template are also a 
consideration. The template may, for instance, be treated with 
a surface treatment material to formathin release layer on the 
template having a low Surface energy (a thin release layer may 
also be deposited on the substrate). 
0108. Another consideration in the development of 
imprint lithography is the mechanical durability of the tem 
plate. The template may be subjected to large forces during 
stamping of the imprintable medium, and in the case of hot 
imprint lithography, it may also be subjected to high pressure 
and temperature. The force, pressure and/or temperature may 
cause wearing of the template, and may adversely affect the 
shape of the pattern imprinted upon the Substrate. 
0109. In hot imprint lithography, a potential advantage 
may be realized in using a template of the same or similar 
material to the substrate to be patterned in order to help reduce 
differential thermal expansion between the two. In UV 
imprint lithography, the template is at least partially transpar 
ent to the activation radiation and accordingly quartz tem 
plates are used. 
0110. Although specific reference may be made in this text 
to the use of imprint lithography in the manufacture of ICs, it 
should be understood that imprint apparatus and methods 
described may have other applications, such as the manufac 
ture of integrated optical systems, guidance and detection 
patterns for magnetic domain memories, hard disk magnetic 
media, flat panel displays, thin-film magnetic heads, etc. 
0111 While in the description above particular reference 
has been made to the use of imprint lithography to transfer a 
template pattern to a Substrate via an imprintable resin effec 
tively acting as a resist, in some circumstances the imprint 
able material may itself be a functional material, for instance 
having a functionally such as conductivity, optical linear or 
nonlinear response, etc. For example, the functional material 
may form a conductive layer, a semiconductive layer, a 
dielectric layer or a layer having another desirable mechani 
cal, electrical or optical property. Some organic Substances 
may also be appropriate functional materials. Such applica 
tions may be within the scope of one or more embodiments of 
the invention. 
0112 Although imprint lithography theoretically pro 
vides many benefits over conventional optical lithography, in 
order for it to be adopted widely in industry it should be 
economically viable. The costs involved are primarily deter 
mined by the costs of the tooling and template manufacture, 
and the production efficiency or throughput. In spite of the 
expectation that tooling costs will be relatively low, this may 
be more than offset by the fact that template production costs 
are likely to be relatively high since the template is necessar 
ily the same size as the pattern to be imprinted into the 
Substrate (imprint lithography being a 1x process). When a 
single Volume of an imprintable medium is provided on a 
Substrate Surface, the imprinting time is largely dependent 
upon the template area. In essence, as the area of the template 
increases the imprinting time decreases. Thus, designing an 
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economically viable imprinting process is problematic 
because of the need to find a balance between the high costs 
involved in producing larger 1x templates and the desire to 
reduce imprinting times by employing larger templates. 
0113 FIG. 4 shows a quartz master template 40, previ 
ously fabricated using a conventional technique involving 
e-beam etching, being imprinted into a first target region of a 
volume of a thermoplastic imprintable medium 41 shown on 
the left of FIG. 4. The imprintable medium 41 is supported on 
an intermediate layer (e.g., of chromium) 42 which is itself 
Supported on a quartz working template Substrate layer 43. 
The master template 40 defines a portion of a final pattern 
which is to be imprinted into the template substrate 43 and 
which can then be imprinted into a device substrate. Contact 
ing the imprintable medium 41 with the master template 
forms a plurality of upstanding pattern features 44 and areas 
of reduced thickness 45. The master template 40 is then 
separated from the first target region of the imprintable 
medium 41 and imprinted into a second target region of the 
medium 41, shown on the right of FIG. 4, so as to form an 
identical arrangement of pattern features and areas of reduced 
thickness as were formed in the first target region. 
0114. Once the complete final pattern has been formed in 
the layer of imprintable medium 41, a first etch removes the 
exposed regions of the intermediate layer 42 and a second 
etch removes the exposed regions 46 of the template substrate 
layer 43 so as to form pattern features 47 and areas of reduced 
thickness 48 defining the final pattern in the template sub 
strate layer 43. To complete the process, the layers of imprint 
able medium 41 and intermediate layer 42 lying directly 
above the pattern features 47 in the template substrate layer 
43 are removing by a conventional technique. 
0115 Following manufacture of the patterned working 
template, it can then be used in Subsequent processing steps to 
pattern device substrates with the complete final pattern. 
0116. The size and arrangement of the pattern may of 
course be chosen to Suit any particular application. Moreover, 
the master template may be imprinted any suitable number of 
times to provide the desired final pattern. The different target 
areas of imprintable medium may be located in any appropri 
ate way on the Substrate Surface, for example they may be 
adjacent one another as shown in FIG. 4, or they may be 
spaced apart. 
0117 The cost and complexity of the imprint process may 
also be increased as a result of the desire to operate the 
process under vacuum and/or high imprinting pressure to 
avoid problems relating to gas (e.g., air) being trapped within 
the imprinted medium. It is envisaged that a relatively cheap 
and simple way to reduce costs in this regard would be to 
provide a localized low pressure channel (or perhaps a 
vacuum channel) around the imprint area. A Suitable arrange 
ment is shown schematically in FIG. 5. 
0118 FIG. 5 shows a template 50 to be used to pattern a 
substrate 51. The template 50 is supported on a pair of plate 
springs 52 which are connected to arms 53 mounted on piezo 
actuators 54. Laterally outward of the arms 53 is a low pres 
sure channel 55, laterally outward of the low pressure channel 
55 is a neutral pressure channel 56, and laterally outward of 
the neutral pressure channel 56 is a high pressure channel 57. 
The pressure differential produced between the three chan 
nels 55, 56, 57 causes the template 50 to float a predefined 
distance above the surface of a volume of imprintable 
medium (not shown) provided on the surface of the substrate 
51. By controlling the pressure differential, the imprinting 
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and separation processes can be controlled. For example, by 
decreasing pressure in the high pressure channel 57, the tem 
plate 50 can be caused to contact the medium, and by increas 
ing pressure in the high pressure channel 57, the template 50 
can be caused to separate from the medium. Optionally, the 
space 58 below the template 50 can also be operated at low 
pressure or vacuum. The large low pressure area thus created 
can be used as (part of) the preload of a gas bearing employed 
in the imprinting process. It will be evident to the skilled 
person that Such a system provides a relatively simple solu 
tion to the problem of gas bubbles being entrapped within the 
imprintable medium. 
0119 The provision of such a low pressure channel around 
the imprinting area also may have a benefit in the fabrication 
of optical structures in which the inclusion of gas bubbles 
may cause yield problems. 
0.120. The concept of employing a low pressure channel 
around the imprinting area provides a further benefit. During 
imprinting, an amount of imprintable medium is squeezed out 
from under the template until the desired template/substrate 
gap is obtained (e.g. 50 nm). Many imprint processes are 
carried out at atmospheric pressure and so a component of the 
force applied to the template to imprint the desired pattern is 
provided to ensure sufficient excess imprintable medium is 
Squeezed out. Provision of a low pressure channel around the 
imprinting area may enable the excess imprintable medium to 
be squeezed out from under the template more easily and 
consequently reduce the component of the imprinting force 
required to Squeeze out the excess medium. An additional 
advantage of this method is that it may even out any pressure 
imbalance between the template and the imprintable medium. 
This method should increase imprinting times and reduce 
mechanical distortions during the imprinting process. 
I0121 While specific embodiments of the invention have 
been described above, it will be appreciated that the invention 
may be practiced otherwise than as described. The descrip 
tion is not intended to limit the invention. 

1-44. (canceled) 
45. A working template manufacturing apparatus, com 

prising: 
a Substrate holder configured to hold a working template 

Substrate having a imprintable medium thereon, and 
a template holder configured to cause a master template 

supported by the template holder to contact the imprint 
able medium to form a first imprint in the medium, the 
first imprint defining a part of a working template pat 
tern, to cause the master template to contact the imprint 
able medium to form a second imprint in the medium, 
the second imprint defining a further part of the working 
template pattern, and to cause the master template to 
separate from the imprinted medium, wherein the work 
ing template pattern is configured to imprint a pattern on 
a device substrate. 

46. The apparatus according to claim 45, further compris 
ing a dosing apparatus configured to provide a Volume of the 
imprintable medium on the working template Substrate. 

47. A working template manufacturing apparatus, com 
prising: 

a Substrate holder configured to hold a working template 
Substrate having a imprintable medium thereon; 

a template holder configured to cause a master template 
supported by the template holder to contact the imprint 
able medium to form a first imprint in the medium, the 
first imprint comprising a first pattern feature and a first 



US 2010/01 39862 A1 

area of reduced thickness and defining a part of a work 
ing template pattern, to cause the master template to 
contact the imprintable medium to form a second 
imprint in the medium, the second imprint comprising a 
second pattern feature and a second area of reduced 
thickness and defining a further part of the working 
template pattern, and to cause the master template to 
separate from the imprinted medium; and 

an etching apparatus configured to etch the first and second 
areas of reduced thickness to expose regions of the 
working template Substrate and to etch the exposed 
regions of the working template Substrate to form the 
working template pattern in the working template Sub 
strate to define a working template configured to imprint 
a pattern on a device Substrate. 

48. The apparatus according to claim 47, further compris 
ing a dosing apparatus configured to provide a Volume of the 
imprintable medium on the working template Substrate. 

49. The apparatus according to claim 47, wherein the first 
imprint and the second imprint are laterally spaced from one 
another. 

50. The apparatus according to claim 47, wherein the work 
ing template Substrate is photo transparent. 

51. The apparatus according to claim 47, wherein the etch 
ing apparatus is configured to etch the exposed regions of the 
working template Substrate using an etchant selected from a 
group consisting of CHF, CFO, Cl, HBr and SF. 

52. The apparatus according to claim 47, wherein an inter 
mediate layer is provided between the working template sub 
strate and the imprintable medium. 

53. The apparatus according to claim 52, wherein etch of 
the first and second areas of reduced thickness exposes 
regions of the intermediate layer and the etching apparatus is 
configured to etch the exposed regions of the intermediate 
layer to expose a region of the working template Substrate. 

54. The apparatus according to claim 53, wherein the etch 
ing apparatus is configured to etch the exposed regions of the 
working template Substrate to form the working template 
pattern in the working template substrate to define the work 
ing template. 

55. The apparatus according to claim 53, wherein the etch 
ing apparatus is configured to etch the exposed regions of the 
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intermediate layer using an etchant selected from a group 
consisting of hydrofluoric acid, O and Cl. 

56. The apparatus according to claim 52, wherein the inter 
mediate layer comprises a material selected from a group 
consisting of chromium, an oxide and a nitride. 

57. The apparatus according to claim 45, further compris 
ing an etching apparatus. 

58. The apparatus according to claim 45, wherein the first 
imprint and the second imprint are laterally spaced from one 
another. 

59. The apparatus according to claim 45, wherein the work 
ing template Substrate is photo transparent. 

60. The apparatus according to claim 45, wherein an inter 
mediate layer is provided between the working template sub 
strate and the imprintable medium. 

61. The apparatus according to claim 60, wherein the inter 
mediate layer comprises a material selected from a group 
consisting of chromium, an oxide and a nitride. 

62. A manufacturing apparatus, comprising: 
a Substrate holder configured to hold a working template 

Substrate having a imprintable medium thereon, and 
a template holder configured to cause a master template 

supported by the template holder to contact the imprint 
able medium to form a first imprint in the medium, the 
first imprint defining a part of a working template pat 
tern, to cause the master template to contact the imprint 
able medium to form a second imprint in the medium, 
the second imprint defining a further part of the working 
template pattern, and to cause the working template to 
contact a second imprintable medium on a device Sub 
strate to form an imprint in the second medium corre 
sponding to the working template pattern. 

63. The apparatus according to claim 62, further compris 
ing an etching apparatus configured to etch areas of reduced 
thickness of the first and second imprints to expose regions of 
the working template Substrate. 

64. The apparatus according to claim 63, wherein the etch 
ing apparatus is configured to etch areas of reduced thickness 
of the imprint in the second medium to expose regions of the 
device substrate. 


